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Introduction 

The goal of this paper is to review the aspects of cognitive 
science that appear to relate best to efforts to use 
electrical and magnetic recording to understand the function of 
brain systems. To meet this goal it is important to understand 
the changes that have taken place in recent years, both in our 
understanding of brain function and in our understanding of 
cognition. It is on the latter changes that I plan to 
concentrate in this paper. 

The term cognitive science relates to efforts by students of 
psychology, linguistics and artificial intelligence, among 
others, to produce a fundamental analysis of natural and 
artificial intelligence. This area is of enormous breadth and 
there would be no possibility of a thorough review here. Instead 
I first attempt to develop a framework which describes work in 
cognition at several levels of analysis most appropriate for the 
goal of developing a relation to underlying neural systems. I 
then then analyze recent work on spatial attention in more detail 
as a model use of the framework to guide integrative research. 
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Rummelhart & McClelland, 1982) have been analyzed in terms of 
omputational models. These models, show that the set of 
lementary operations proposed by the model are sufficient to 
roduce the cognitive performance described. The top two levels 
f Figure 1 are at the level of cognitive science in that they 
eal with efforts to provide a sufficient basis for an 
1ectro-mechanical system to perform the type of cognition list 
e.g., chess playing or imagery). They do not necessarily tell 
s how a human mind, still less a human brain, performs these 
perations. Nonetheless, these computational models provide us 
ith a way of analyzing cognition that shows very clearly that 
ognitive tasks may be viewed as consisting of elementary 
iperations which are combined in complex programs to solve the 
iverall task. 

In order to convert the abstract elementary operations 
if cognitive science to an analysis of human mental processes 
t is necessary to examine the components of these operations, 
lany such operations have been examined by chronometric 
ixperiments (Posner, 1978). These chronometric experiments 
•equire human subjects to perform elementary operations such 





as "scanning a list", "matching items”, "zooming", postulated by 
the cognitive models. Such experimental studies have shown 
evidence of time locked component facilitations and inhibitions 
that occur in the process of performing these elementary 
operations. For example, suppose a person is required to scan a 
list of digits to determine if a single probe digit is a member 
of a previously presented list (Sternberg, 1966). The underlying 
processes could be examined by measuring the reaction time to 
respond "yes" or "no" as a function of number of items in the 
list. This analysis allows a detailed exmination of a mental 
operator similar to one posited by many computer programs that 
require comparing a target with items stored in a list. If a 
human being is required to perform this task it takes 
approximately 30 milisec per digit as the length of the list is 
increased from 1 to 6 digits. 

The time locking of this putative comparison operation is 
impressive. Moreover, we know that the activation of any item 
during the comparison process produces a facilitation in 
processing items that are similar to it (Posner, 1978). For 
example, as the subject thinks about the digit 3 he potentiates 
the efficiency (e.g., speeds reaction time or reduces threshold) 
with which that visual digit is handled. In addition, we also 
know that when one attends actively to a digit, there will be an 
inhibition in the processing of items not sharing that pathway 
(Neely, 1977). Thus, the elementary operation involved in com¬ 
paring the probe digit with items in store may be studied in 
terms of time locked facilitations and inhibitions that affect 
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probed responses. Some mental operations, including matching, 
naming, rotations, zooming, have been studied in terms of 
component facilitations and inhibitions. The results provide 
a psychological or information processing account of the 
underlying mental events involved in the task. These operations 
take place in real time and at a much slower rate than would cf 
the case for existing computer sytems. 

Some psychologists and philosophers have stressed the 
sufficiency of this kind of component analysis in providing a 
basis for information processing models of cognition. They argue 
it is unneccessary to go further and ask to what extent are 
neural systems related to such components. However, other 
psychologists, including most readers of this journal, do wish to 
go further. 

Indeed there is reasonable evidence that components of the 
event related potential are systematically related to such 
component operations. For example, in 1978 I reviewed evidence 
that the time for release of the P-300 was related to the degree 
of priming or activation of an underlying psychological pathway. 
Evidence since then (Duncan-Johnson & Donchin, 1982) has shown 
that the latency and amplitude of the P-300 is systematically 
related to the benefits obtained in priming a pathway by a 
pre-cue. There is a good deal of independence between the degree 
of P-300 change and changes in reaction times with cuing, 
suggesting that the P-300 indexes somewhat different mental 
processes than are indexed by reaction time. 


Naatanen (1982) has shown that systematic negative shifts i 






the event related potential can Le associated with the direction 
of the subject's attention. For example, if subjects are 
attending to the right ear, stimuli on that ear will show a 
negative shift with respect to stimuli occurring on an unattended 
channel (e.g. left ear) that takes place approximately 100 
millisec after input, Naatanen argues that the latency of these 
negative shifts depend upon the extent of processing prior to 
reaching a level at which attention is directed. If attention is 
directed to a more complicated aspect of stimuli, e.g., 
frequency, the negative shift will occur later than if it is 
directed toward ear of entry. Harter and Guido (1980) have shown 
systematic negative shifts occurring about 200 msec for visual 
stimuli that match the spatial frequency to which the subject's 
attention has been directed. Since we know that attending to a 
particular pathway will activate that pathway (McLean & Shulnan, 
1978) it seems reasonable to suppose that the processing 
negativity discussed by Naatanen is, in fact, a brain sign 
related to the facilitation obtained in chronometric 
experiments. 

This assumption has a number of remaining difficulties. 

Most of the performance priming experiments use a trial by 
trial design. The prime is introduced at the start of the trial 
and a subsequent target on that trial is shown to be affected by 
the prime. However, most of the work reviewed by Naatanen 
requires successive presentation of a number of stimuli and 
indeed, the negative shift is reduced or lost when there is a 
long time between successive inputs. Most of the chronometric 
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in comparison to other locations. Thus, it is possible by using 
peripheral cues to study time locked facilitation followed by 
inhibition. Inhibition is striking in Figure 2 when one compares 
the dotted triangles with the solid circles at 500 millisec 
delay. Both these conditions represent locations at which a 
target will occur with .8 probability, but the latter is on the 
side that was formerly cued. Even though the cue has disappeared 
this side is slower than the comparable uncued condition. 

Posner and Cohen (1984) have proposed a hypothesis 
concerning the functional significance of these time locked 
phasic changes in facilitation and inhibition. We argue that 
facilitation is achieved by the alignment of a central 
attentional system with the pathway indicated by the cued event. 
This view is implied by the finding that both central and 
peripheral cues produce facilitation. Inhibition depends more 
upon the sensory information presented in the cue since there is 
no inhibition following the central cue. 

According to this functional hypotheses, facilitation and 
inhibition work together in the process of visual orienting in 
the following way. When the eyes are fixed, a peripheral visual 
stimulus tends to summon attention rapidly to its location. 
Attention marks this area and gives priority to information 
there. Thus, cued locations are processed faster. Under some 
conditions a movement of the eyes will follow in the direction of 
the facilitated area. As the eyes move, attention is reoriented 
back to the fovea. It is not necessary for an eye movement to 
induce attentional orienting to the fovea since there are 
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conditions in which facilitation moves in retinotopic coordinates 
(Posner & Cohen, 1984). However, in most situations the fovea is 
favored because objects of interest tend to be foveated and also 
because it serves to keep attention and the fovea coordinated 
during successive changes of eye position. When one reorients 
away from the target by an eye movement, the previously 
facilitated target location is inhibited so there is a bias 
against returning the eyes to the previously cued environmental 
location. While inhibition occurs with and without eye movements 
(Posner & Cohen, 1984) it appears closely related in a functional 
sense to the eye movement system. Thus, the inhibition effect 
would serve as one of many neural systems designed to favor 
novelty over repetition. In accord with this hypothesis, it 
has been found that inhibited positions are less likely to 
draw the eyes back to them (Posner, Choate & Vaughan, in 
preparation; Vaughan, 1984). 

While this hypothesis remains speculative, it does suggest 
that there are functional advantages for the component 
facilitations and inhibitions that have been found in experiments 
on spatial orienting. Thus they tend to link the component 
facilitations and inhibition to important ecological factors in 
the subject’s visual environment. 

Neural Systems 

I hope the foregoing indicates that the study of covert 
orienting has provided a reasonably simple but rich functional 
model of an internal cognitive operation. Moreover, the ability 
to describe the operations of covert orienting in terms of time 




locked component facilitations and inhibition suggests that it 
can be related to underlying neural systems as well. For a 
hundred years in clinical neurology it is known that lesions, 
particularly of the right parietal lobe produced problems that 
can be described, at least in part, as a difficulty in 
orienting attention to the side of space contralateral to the 
lesion (see DeRenzi, 1982 for a review). These results from 
clinical neurology of course fit with the material that we have 
mentioned from EEG studies showing a reduction in the N 100 when 
patients with parietal lesions had their attention directed 
to one ear (Naatanan, 1982) and for single cell recording 
results suggestion that cells in the posterior parietal lote shew 
selective enhancement (Wurtz, et al, 1980), 

We have been studying such patients using experiments like 
those illustrated in Figure 2 (Posner, Cohen & Rafal, 1982; 
Posner, Walker, Friedrich & Rafal, in press). Figure 4 shows 
the data of one typical parietal patient. Recently we have 
summarized similar data from thirteen s- ch patients (Posner, et 
al, in press). This particular patient, R.S. had a 

Insert Figure 4 about here 

right parietal tumor which was excised, removing most of the 
right parietal lobe. In this study, 80* of the targets were on 
the cued side. The target remained present for only one second 
and we waited five seconds for a response. The patient serves as 
his own control because we contrast responses to targets on the 
contralateral side which go directly to the lesioned hemisphere, 
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of underlying mental operations in the paradigms that we have 
studied. 

Third, there is no apriori way to ensure that the elementary 
mental operations postulated by computational models at the 
cognitive science level have a relationship to the mental 
activities that people perform. However, chronometric studies 
showing rather beautiful time locked relationships between 
component facilitations and inhiitions and these mental 
operations seem to suggest that in fact such theories often do 
postulate mental operations that are natural for human subjects 
to perform and provide meaningful analysis in terms of 
underlying components. 

Thus the evidence seems to provide significant links between 
each level outlined in the general framework. Such links are 
particularly useful in being able to provide the family 
of a patient suffering from a brain insult with information 
concerning cognitive deficits that are most likely to result. 

We are a long way from having a theory sufficiently deep to do 
this but it appears that the kinds of links that we have been 
able to achieve do provide the possibility for more detailed 
clinical application. 

In this paper I have attempted to provide something of an 
overview of modern cognitive science in relationship to the 
question of how cognitive processes are instantiated in neural 
systerns. It is clear that this is a complex and largely 
unanswered question. However, I hope that I have provided some 
guide to the growi-.y literature that suggests a possibility that 
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Departaent of Psychology 
University of Colorado 
Boulder, CO 80309 

1 Hr. Hail ace Feurzeig 
Deoartaent cf Educational Techr.ol 
Bolt Beranek S Hewaan 
10 Houlton St. 

Caabridge, HA 02233 















Private Sector 


Lr. Sar.c Manr 
Sebartaent o ; nsycnologv 
Carnegie-Beilor, Uni vers: t-> 
Sohenlev Pare 


Cambridge, BA 02133 

Dr. s at Langlev 
T ne Robotics Institute 
Car r.e:: e-Bel ion university 
Pittsburgh, FA 12213 

Sr. Narcy unsman 
Ins l. Thurstone Psvcnoeetr 
.asoratory 

University cF Nortn Carolina 
Davie Hall 013A 
Chanel Hill. NC 27214 

; S'. Oil! Larun 
Deoartient o* B svcholoqv 
Carnegie leilan University 
Pittsburgh, p A 12213 

1 Sr. Alan Lescold 
Learning RID Center 
University oF Pittsburgh 
3°3° Hara Street 
Pittsburgh, PA 12260 

1 Sr. In Levin 
University o* CallForma 
at San Diego 

Laboratory Far Comparative 
Huean Cognition - B003A 
La Jolla. CA 92093 

1 Sr. Son Lyon 
P. S. Bo:: 44 
Hi cl ev . A! 3S236 

1 Sr. Jay HcClel 1 and 
Department of Psychology 
HIT 

Cartridge, BA 02139 

1 Dr. Toe Boran 
Kero* PARC 

3333 Coyote Hill Road 
Palo Alto. CA 94304 


Benaviora; •eonnology .aocr 
1345 EC era Ave.. Fourth 
Redondo 3ea:n. CA 9027' 

1 Dr. Sonaid A. Berman 
Cognitive Science. C-C.2 
Unav. or California. San I; 
.a Jolla. CA 92093 

1 Sr. Jesse O'lanskv 
Institute for defense Ar.ai 
1801 R. Beatreaari St. 
Aie*anar;a. .A 22311 

1 2 r . James ». e eIIegr:no 
Jniversitv oF California. 
Santa Barbara 
Dept, cF Psychology 
Santa Barabara . CA 93106 

1 Sr. Banov Pennington 
University of Chicago 
Eraouate School oF Busines. 
1101 £. 5Sth St. 


1 Sr. Bartha Polsor. 
Department oF e svchology 
Camsus Bay. 346 
University of Coioraaa 
Boulder, CC 80309 

1 SR. PETER POlSGN 
SEPT. OP PSYCHOLOGY 
UNIVERSITY DP COLORADO 
BOULDER, CO 3030? 

1 Dr. Lynn Reder 
Deoartment of Psychology 
Carnegie-Bel ion University 
schenlev s a-k 
Pittsburgh, FA 15213 

1 Or. Fred Rei- 
Physics Deoartmer.t 
University c* Cal: Form a 
Berkeley, CA 94720 

1 Dr. Lauren fiesr.ioy 
LRDC 

University oF f, ittspurgh 
393? O’Hara Street 
Pittsburgh. PA 122! 
























c -i>«8 Sects' 

Dr, Josecn »oM 
Alohatech. Inc. 

I Surljnqtar. Executive Center 
liadlesei! Turnons 
suriinston, NS 01B03 










